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GEOLOGICAL-MORPHOLOGICAL D E S C R I P T I O N  OF THE LAKSHMI PLANUM 
(PHOTOMAP OF THE VENUSIAN SURFACE SHEET 8-4)"  
A.  A ,  P r o n i n  e t  a l .  
FOREWORD /83** 
One o f  t h e  g o a l s  i n  r a d a r  mapping o f  Venus f r o m  t h e  Venera- 
15  and -16 unmanned i n t e r p l a n e t a r y  s t a t i o n s  ( A M S )  i s  t o  c r e a t e  a 
s e r i e s  o f  photomaps and g e o l o g i c a l - m o r p h o l o g i c a l  maps f o r  t h e  
r e g i o n s  scanned. Maps o f  Venus' s u r f a c e  a r e  c r e a t e d  i n  s e p a r a t e  
s h e e t s  on map frames. Map sheet 8-4 c o v e r s  t h e  Lakshmi  Planum i n  
t h e  c e n t e r ,  f ramed by Venus' very  l a r g e  m o u n t a i n  s t r u c t u r e s  -- 
t h e  Akna and F r e i y a  Montes t o  t h e  n o r t h w e s t  and n o r t h  and t h e  
M a x w e l l  Montes t o  t h e  e a s t .  The s o u t h e r n  f r a m i n g  o f  t h e  planum 
i s  t h e  Ves ta  Rupes. 
C o r n e r s  o f  t h e  map f rame 8-4 have Venus ian  g r a p h i n g  
c o o r d i n a t e s :  
J 3 = 3 0 0 ,  cp4=60, h4=O0.  
o v e r l a p  w i t h  r e l a t e d  photomaps, t h e i r  b o u n d a r i e s  exceeded t h e  
l i m i t s  of t h e  a r e a  o f  t h e  map frames e s t a b l i s h e d .  
y1=80m, h,=?~oo, cp2=80, h -60, y 3 = 6 0 ,  2- 
When photomaps were c r e a t e d  t o  
PLOTTING PHOTOMAPS OF VENUS' SURFACE 
From November 1983 t h r o u g h  J u l y  1984, t h e  Venera-15 c a r r i e d  
o u t  r a d a r  s c a n n i n g  o f  t h e  n o r t h e r n  r e g i o n s  o f  Venus' s u r f a c e  t o  
abou t  30" l a t i t u d e .  Scann ing  and r a d i o - p r o f i l i n g  f o r  h e i g h t  
r a d a r  and a r a d a r  a l t i m e t e r  c r e a t e d  i n  t h e  E x p e r i m e n t a l  D e s i g n  
Bureau  o f  Moscow Power E n g i n e e r i n g  I n s t i t u t e .  S i g n a l s  r e f l e c t e d  
f r o m  t h e  s u r f a c e  were processed, and i n d i v i d u a l  r a d a r  panoramas 
/84 were done u s i n g  a s e t  o f  r a d a r  equipment i n c l u d i n g  panoramic  -
* With t h i s  and t h e  n e x t  a r t i c l e ,  t h e  e d i t o r s  b e g i n  a s e r i e s  on 
c r e a t i o n  o f  photomaps o f  t h e  s u r f a c e  o f  Venus' n o r t h e r n  
hemisphere  on t h e  b a s i s  o f  m a t e r i a l s  f r o m  Venera-15 and -16. 
** Numbers i n  t h e  m a r g i n  i n d i c a t e  p a g i n a t i o n  o f  t h e  f o r e i g n  t e x t .  
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and p r o f i l e s  o f  s u r f a c e  h e i g h t s  were s y n t h e s i z e d  i n  t h e  USSR 
Academy o f  Sc iences  I n s t i t u t e  f o r  Rad io  E n g i n e e r i n g  and 
E l e c t r o n i c s  ( IRE) .  Radar panoramas were c o n v e r t e d  i n t o  
c a r t o g r a p h i c  p r o j e c t i o n s  and p l a n  v i e w s  o f  Venus' s u r f a c e  were 
c r e a t e d  j o i n t l y  by t h e  IRE and t h e  F. N. K r a s o v s k i y  C e n t r a l  
Research  I n s t i t u t e  f o r  Geodesy, A e r i a l  Photography ,  and 
C a r t o g r a p h y  /l/. The M. V .  Keldysh I n s t i t u t e  o f  A p p l i e d  
Ma themat i c  o f  t h e  USSR Academy o f  Sc iences  p r e c i s e l y  d e t e r m i n e d  
t h e  s t a t i o n ' s  movement and c a l c u l a t i o n  e lemen ts  o f  t h e  o r b i t  o f  
p h o t o g r a p h i c  l o o p s .  G e o l o g i c a l - m o r p h o l o g i c a l  a n a l y s i s  was done 
i n  t h e  USSR Academy o f  Sc iences '  V. I. V e r n a d s k i y  I n s t i t u t e  o f  
Geochemis t ry  and A n a l y t i c a l  Chemis t ry ,  as w e l l  as  i n  t h e  
Academy's G e o l o g i c a l  I n s t i t u t e .  
F i g .  1. Breakdown o f  
f8n O 
Venus' 
hemisph 
f rames. 
n o r t h e r n  
e r e  i n t o  map 
When t h e  1:5,000,000-scale photomaps were c r e a t e d ,  t h e  
s u r f a c e  o f  Venus' n o r t h e r n  hemisphere c o v e r e d  b y  r a d a r  s c a n n i n g  
was a r b i t r a r i l y  d i v i d e d  i n t o  27 map frames ( f i g .  1). Photomaps 
numbered f r o m  8-2 t o  6-27 were p l o t t e d  i n  n o r m a l  Lambert-Gauss 
c o n i c a l  p r o j e c t i o n s  i n  l a t i t u d e s  f r o m  20 t o  80'. To reduce  
d i s t o r t i o n  i n  t h e  s w i t c h  f r o m  a s p h e r i c a l  s u r f a c e  t o  t h e  map 
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p l a n e  f o r  each 20-degree l a t i t u d e  b e l t ,  t h e  v a l u e s  f o r  t h e  
l a t i t u d e s  o f  two s t a n d a r d  p a r a l l e l s  on  t h e  c a r t o g r a p h i c  
p r o j e c t i o n  were c a l c u l a t e d .  F o r  t h e  l a t i t u d e  b e l t  f r o m  60 t o  
80°, wh ich  i n c l u d e s  photomap 8-4,  v a l u e s  f o r  t h e  s t a n d a r d  
p a r a l l e l  l a t i t u d e s  a r e  as f o l l o w s :  
cp, =G3" 18'00,0", ~p2=7'i"30'00, I".) 
E n t i r e  photomaps a r e  p l o t t e d  on  t h e  b a s i s  o f  map f rames b y  
d i g i t a l  method u s i n g  a computer and image o u t p u t  systems [l]. 
The d i g i t i z i n g  c e l l  on  t h e  photomaps c o r r e s p o n d s  t o  a l o c a l e  o f  
about  1 km. The p o s i t i o n  of  r e l i e f  c e l l s  on t h e  photomaps i s  
g i v e n  i n  t h e  Venusian g r a p h i c  c o o r d i n a t e  sys tem recommended by  
t h e  Work ing  Group on C a r t o g r a p h i c  C o o r d i n a t e s  and E lements  o f  
P l a n e t  and S a t e l l i t e  R o t a t i o n  o f  t h e  I n t e r n a t i o n a l  A s t r o n o m i c a l  
U n i o n  [ 4 ] .  Readings o f  r e l i e f  p o i n t  h e i g h t s  a r e  taken ,  as when 
c a r t o g r a p h i c  p r o j e c t i o n s  a r e  c a l c u l a t e d ,  f r o m  t h e  l e v e l e d  
s p h e r i c a l  s u r f a c e  605.1 km i n  r a d i u s  used f o r  Venus. 
MORPHOLOGICAL DESCRIPTION OF THE REGION 
Lakshmi  Planum. F o r  t h e  most p a r t ,  t h e  Lakshmi  Planum i s ,  
i n  p l a n  view, an i r r e g u l a r  hexagon w i t h  rounded c o r n e r s  and 
c r o s s  s e c t i o n  o f  about  1 , 4 0 0  km, a t r a p e z o i d a l  p r o j e c t i o n  t o  t h e  
n o r t h ,  and an ex tended  p r o j e c t i o n  t o  t h e  e a s t  t o  t h e  f o o t h i l l s  
o f  t h e  Maxwe l l  Montes ( f i g .  2 ) .  The p lanum's  l e v e l  s u r f a c e  i s  
4-4.5 km above t h e  accep ted  l e v e l e d  s u r f a c e  o f  Venus and i s  
c o m p l i c a t e d  b y  s e v e r a l  s m a l l  s t r u c t u r e s .  These p r i m a r i l y  i n c l u d e  
C o l e t t e  i n  t h e  c e n t e r  o f  t h e  western  h a l f  o f  t h e  planum, wh ich  
i s  ex tended  a l o n g  t h e  m e r i d i a n  o f  an  o v a l  measur ing  abou t  130x80 
km and about  2 km deep. W i t h i n  up t o  250 km o f  C o l e t t e  t h e r e  
a r e  n a r r o w  bands and s c a l l o p e d  a r e a s  o f  s u r f a c e s  wh ich  appear  
b r i g h t  t o  r a d a r .  These s u r f a c e s  a r e  o r i e n t e d  r a d i a l l y  r e l a t i v e  
t o  t h e  p a t e r .  On t h e  whole, C o l l e t t e ,  w i t h  a system o f  d i v e r g i n g  
f l o w s ,  i s  a g i g a n t i c  p l a t e  vo l cano  a b o u t  600 km i n  c r o s s  s e c t i o n  
s l i g h t l y  ex tended  a t  t h e  m e r i d i a n  and o c c u p y i n g  a lmos t  t h e  
e n t i r e  w e s t e r n  h a l f  o f  t h e  Lakshmi p lanum ( f i g .  3 ) .  
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F i g .  2 ( a )  
There  i s  a n o t h e r  o v a l  d e p r e s s i o n  -- Sacajewea,  m e a s u r i n g  
200x120 km and a b o u t  1.5 km deep -- i n  t h e  c e n t e r  o f  t h e  w e s t e r n  
h a l f  o f  t h e  p l a t e a u .  I t  i s  o r i e n t e d  n o r t h e a s t w a r d .  The 
d e p r e s s i o n  i s  l e s s  pronounced t h a n  C o l e t t e .  I t s  p r e s e n c e  i s  
i n d i c a t e d  n o t  o n l y  by  hypsometry ,  b u t  a l s o  by  two c o n c e n t r i c  
l i g h t  o v a l s  and a horseshoe-shaped d a r k  s p o t  a t  i t s  c e n t e r .  
/86 
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F i g .  2 ( b )  
To t h e  n o r t h  o f  Sacajewea, a band o f  f l a t - t o p p e d  u p l a n d s  
ex tends  l a t i t u d i n a l l y  a c r o s s  the e n t i r e  e a s t e r n  h a l f  o f  t h e  
p l a t e a u  r i s i n g  an ave rage  o f  500 m above t h e  f l o o r  of  t h e  
p l a t e a u .  The n a t u r e  o f  t h e  r e l a t i o n s h i p  o f  t h e  p l a t e a u ' s  p l a i n s  
m a t e r i a l  t o  t h a t  o f  t h e  up lands  a l o n g  t h e  i r r e g u l a r  b o u n d a r i e s  
makes i t  p o s s i b l e  t o  c o n s i d e r  these u p l a n d s  r e s i d u a l  moun ta ins .  
T h e i r  s u r f a c e ,  marked by a d i a g o n a l  g r i d  o f  r i d g e s  and g rooves  
a p p a r e n t l y  b e a r s  t r a c e s  o f  e a r l i e r  d e f o r m a t i o n s  wh ich  d i d  n o t  /88 -
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F i g .  2. Photomap of  Lakshmi  Planum and s u r r o u n d s .  C o n t o u r s  
i n d i c a t e  f r a g m e n t s  shown i n  f i g .  3-6; ( a )  d i a g r a m  o f  
p l a n e t o g r a p h i c  names ( b ) .  
Key: (1) Pomona Crown; ( 2 )  Dashkova; ( 3 )  Misne  Canyon; 
( 4 )  Worsar Scarp;  ( 5 )  V i r e s a c c i  Canyon; ( 6 )  Tesse ra  
I t z p a p a l o t l ' ;  ( 7 )  F r e i y a  Montes; (8) T e s s e r a  A t r o p o s ;  
(9) C o t t o n ;  (10) Akna Montes;  (11) Wanda Osipenko;  (12 )  R i t a ;  
( 1 3 )  Snow Maiden P l a i n ;  (14) Tessera F o r t u n a e ;  ( 1 5 )  Semuna 
R idge;  ( 1 6 )  C l e o p a t r a ;  ( 1 7 )  Maxwel l  Montes;  (18 )  Otau Crown; 
(19) I v k a ;  (20) Zdravka;  (21 )  Akhmatova; ( 2 2 )  Lakshmi  Planum; 
(23) Magda; ( 2 4 )  C o l e t t e ;  ( 2 5 )  Z l a t a ;  (26) Sacajewea; 
(27 )  R a n g r i d  Trenches;  (28)  A u s k i  R idge;  (29) Siddons;  
(30) L y u d m i l a ;  (31) Tessera  C lo tho ;  ( 3 2 )  B e r t a ;  (33) Tamara; 
(34) S i g r i d ;  (35 )  Danu Montes; ( 3 6 )  V e s t a  Rupes; (37 )  Tesse ra  
M o i r a .  
a f f e c t  t h e  younger  p l a i n s  d e p o s i t s  o f  t h e  Lakshmi  Planum. 
M o u n t a i n s  F r a m i n g  t h e  Lakshmi  Planum. I n  t h e  sou th ,  t h e  
ma in  m a s s i f  o f  t h e  p lanum i s  framed by  a b e l t  a b o u t  100 krn w i d e  
(Danu Montes)  c o n s i s t i n g  o f  l i n e a r  r a n g e s  and v a l l e y s  be tween 
8 
ORIGINAL PAM IS 
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them, wh ich  a r e  o r i e n t e d  almost everywhere  a l o n g  t h e  edge o f  t h e  
planum. I n d i v i d u a l  r a n g e s  w i t h i n  t h e  b e l t  e x t e n d  f o r  t e n s  o f  
k i l o m e t e r s  ( t o  100 km) i n  l e n g t h  and a r e  10-15 km wide. I n  
r e l i e f ,  t h e  3-5-km-high Ves ta  Rupes, wh ich  i s  t u r n e d  southward ,  
c o r r e s p o n d s  t o  t h e  b e l t  o f  l i n e a r  r i d g e s  so t h a t  t h e  r e g i o n a l  
d e s c e n t  t o  t h e  s c a r p  r i s e s  i n  p l a c e s  above t h e  p lanum's  
s u r f a c e .  The base o f  t h e  scarp i n  p l a c e s  o v e r l i e s  t h e  more 
s o u t h e r n  a rea  o f  u n o r d e r e d  r e l i e f  and c o n c e a l s  i t  ( f i g .  2 ) .  
F i g .  3 .  P o i n t  where t h e  Lakshmi F i g .  4. Tesse ra  M o i r a  -- 
Planum and Akna Montes meet. p resumably  t h e  end o f  a huge 
A p a r a l l e l  system o f  asymmetr ic f l o w  o f  p l a s t i c  m a t e r i a l  f r o m  
r a n g e s  wi th  s t e e p  s i d e s  f a c i n g  t h e  s o u t h w e s t e r n  edge o f  t h e  
t h e  planum. As one moves away Lakshmi  P l a t e a u .  Area s i z e :  
f r o m  t h e  planum, t h e  t y p i c a l  240x400 km. 
l e n g t h  o f  t h e  range  d i m i n i s h e s .  
S i z e  of  t h e  area: 240x400 km. 
To  t h e  west t h e  planum i s  bounded by  a s w e l l  r u n n i n g  a l o n g  
t h e  m e r i d i a n ,  wh ich  i s  b r o k e n  by t h e  s c a r p  t o w a r d  t h e  west. The 
s w e l l ' s  s u r f a c e  d i s p l a y s  s t e e p  c r a c k s  wh ich  a r e  most o f t e n  
g a p i n g  t e n s i o n  c r a c k s .  The l a r g e s t  r u n s  n o r t h e a s t w a r d  abou t  150 
krn and i s  less t h e n  10 km wide. A s t r u c t u r e  o f  p ronounced 
r e l i e f  a b u t s  t h e  Lakshmi  f rame i n  t h e  sou thwes t  c o r n e r  o f  t h e  
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s h e e t .  I t  t a k e s  t h e  f o r m  o f  a d i s k  abou t  300 km i n  c r o s s  
s e c t i o n  bounded by a s h a r p  scarp,  and i t  o v e r l i e s  t h e  s u r f a c e  of  
t h e  h i l l y  p l a i n s  ( f i g .  4 ) .  
To t h e  n o r t h w e s t ,  t h e  planum's boundary  i s  t h e  f o o t h i l l s  o f  
t h e  Akna Montes, wh ich  r i s e  2.5 km above i t .  A t  i t s  h i g h e s t  
p a r t ,  t h e  mass i f  o f  t h e  Akna Montes i s  c o m p l i c a t e d  by a s e r i e s  
o f  asymmet r i c  ranges  and d e p r e s s i o n s  up t o  300 km l o n g  and 50 km 
w ide  w i t h  s h o r t ,  s t e e p  s i d e s  f a c i n g  t h e  planum and l o n g  f l a t  
a n t i c o u n t e r s .  I n  p l a n ,  t h e s e  a r e  eche lon-shaped c u e s t a  
c o m p l i c a t e d  by t h e  same s t r u c t u r e s  o f  h i g h e r  o r d e r s  o f  magn i tude  
( f i g .  3 ) .  Toward Tessera  At ropos ,  t h e  t y p i c a l  s i z e  o f  s t r u c t u r e s  
and h e i g h t  o f  moun ta ins  decreases. The maximum l e n g t h  o f  an 
i n d i v i d u a l  r a n g e  h e r e  i s  no more t h a n  100 km, and t h i s  e n t i r e  
c o m p l e x l y  s t r u c t u r e d  mountainous l a n d  e x t e n d s  n o r t h w a r d  t o  t h e  
boundary  w i t h  t h e  Snow Maiden P l a i n .  
I n  t h e  n o r t h ,  t h e  main  massi f  o f  t h e  planum has  a 
t r a p e z o i d a l  p r o j e c t i o n  f ramed by t h e  m a s s i f  o f  t h e  F r e i y a  
Montes.  A t  i t s  h i g h e s t ,  t h e  m a s s i f  c o n s i s t s  o f  a system o f  
l i n e a r  ranges  up t o  200 km l o n g  and 5-15 km w ide  o r i e n t e d  i n  t h e  
s u b l a t i t u d i n a l  d i r e c t i o n .  T h i s  o r d e r e d  sys tem o f  p a r a l l e l  ranges  
appears  i n  a s u b l a t i t u d i n a l  band 150 km wide and 400 km l o n g .  
The e a s t e r n  band o f  r a n g e s  bends southward ,  and a t  t h e  p lanum's  
a d j o i n i n g  s u r f a c e  t h e r e  a r e  bands, wh ich  appear  l i g h t  on  r a d a r ,  
l e s s  t h a n  1 0  km wide p a r a l l e l  t o  t h e  edge o f  t h e  planum and, a t  
t h e  bend o f  t h e  frame, f o r m i n g  a g r i d  w i t h  rhomb ic  c e l l s .  The 
h i g h e s t  p a r t s  o f  t h e  m a s s i f  r i s e  2.5-3.0 km above t h e  planum 
( f i g .  5 ) .  
- /90 
The moun ta in  l a n d s  t o  t h e  n o r t h  (Tesse ra  I t z p a p a l o t l ' )  a r e  
c h a r a c t e r i z e d  by a l e s s  o r d e r l y  r e l i e f .  T h e i r  e a s t e r n  p o r t i o n  
i s  dominated  by  s u b l a t i t u d i n a l  s t r e t c h e s  o f  ranges ,  b u t  t h e y  a r e  
r e l a t i v e l y  o r d e r l y  o n l y  w i t h i n  t h e  l i m i t s  o f  p h a c o i d a l  b l o c k s  
m e a s u r i n g  200x100 km. They are a l s o  s u b l a t i t u d i n a l  and a r e  
d i v i d e d  by f r a c t u r e s  wh ich  appear a l o n g  t h e  t r a n s i t i o n s  f r o m  
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s t r u c t u r e s  and t r o u g h s  (Misne and V i r e s a c c i  Canyons). To t h e  
n o r t h ,  Tessera  I t z p a p a l o t l l  i s  bounded by  t h e  s t e e p  2.5-km-high 
Worsar Rupes, wh ich  f rames t h e  Lakshmi  s t r u c t u r e  f r o m  t h e  n o r t h  
f o r  1,500 km ( f i g .  2 ) .  
E a s t  o f  t h e  F r e i y a  Montes, t h e  Lakshmi  P lanum's  g e n e r a l l y  
c o n t i n u o u s  f r a m i n g  i s  i n t e r r u p t e d  b y  an e x p a n s i v e  b a s i n  whose 
b o t t o m  a d j o i n s  t h e  Snow Maiden P l a i n .  S w e l l - l i k e  s t r u c t u r e s  o f  
L a k s h m i ' s  e x t e r i o r  f r a m i n g  descend f r o m  t h e  n o r t h w e s t  t o  t h e  
i s o m e t r i c  d e p r e s s i o n  o f  t h e  b a s i n  600-700 km i n  c r o s s  s e c t i o n  
and a b o t t o m  2.5-3.0 km above t h e  s u r f a c e .  They a r e  submerged 
b e n e a t h  t h e  m a t e r i a l  o f  t h e  p l a i n ,  w h i c h  c o v e r s  them a l o n g  
meander ing  c o n t a c t  a reas .  The e a s t e r n  boundary  o f  t h e  b a s i n  i s  
Semuna R idge -- a band o f  s t r u c t u r e s  600-700 km l o n g .  R i d g e s  
and a s s o c i a t e d  g rooves  e x t e n d  a l o n g  t h e  m e r i d i a n  and a r e  
t y p i c a l l y  100 km l o n g  and 10-15 km wide. The n o r t h e r n  end o f  
t h e  b e l t  i s  submerged benea th  t h e  s u r f a c e  o f  Snow Maiden P l a i n ,  
w h i l e  t h e  s o u t h e r n  end a b u t s  t h e  m a s s i f  o f  t h e  Maxwe l l  Montes. 
To t h e  e a s t  o f  Semuna Ridge, i n  t h e  f i e l d  o f  development o f  t h e  
Tesse ra  F o r t u n a e  t h e r e  a r e  s w e l l - l i k e  s t r u c t u r e s  wh ich  a r e  
a p p a r e n t l y  a c o n t i n u a t i o n  o f  t h e  L a k s h m i l s  e x t e r n a l  f r a m i n g .  
T h e i r  T-shaped c o n j u g a t i o n s  wi th t h e  b e l t  o f  Semuna R idge  
i n d i c a t e s  t h a t  t h e  b e l t  i s  a super imposed s t r u c t u r e  ( f i g .  2 ) .  
On t h e  s o u t h e a s t  s i d e  o f  t h e  b a s i n  i s  a s n a k e l i k e  range  
abou t  400 km wide  and 50-60 km l o n g  cramped between two r i f t s .  
I t s  c e n t e r  c o n s i s t s  o f  t h r e e  s e p a r a t e  m a s s i f s ,  wh ich  l o o k  l i k e  
p h a c o i d a l  masses measur ing  50x60 km o f  r e l a t i v e l y  r i g i d  r o c k  
submerged i n  a more p l a s t i c  mass. The s i m i l a r i t y  i s  emphasized 
by  sys tems o f  na r row c o n j u g a t e d  r i d g e s  and g rooves  o r i e n t e d  
c o n f o r m a l l y  t o  t h e s e  masses and r e s e m b l i n g  f l o w  l i n e s .  F a r t h e r  
t o  t h e  s o u t h e a s t  a s t e e p  u p l i f t  t o w a r d  M a x w e l l  m a s s i f  b e g i n s .  
E a s t e r n  l e d g e  o f  t h e  Lakshmi Planum and M a x w e l l  Montes. 
On t h e  l a t i t u d e  o f  Sacajewea the  Lakshmi  Planum has a 200-300- 
km-wide s c a r p  e x t e n d i n g  eas tward  f o r  800 km. I t s  e a s t e r n  
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e x t r e m i t y  r e s t s  i n  t h e  f o o t h i l l s  o f  t h e  M a x w e l l  Montes, w h i c h  
r i s e  more t h a n  5 km i n  a s teep  s c a r p  o v e r  t h e  planum. The 
p lanum's  s u r f a c e  r i s e s  s l i g h t l y  t o  t h e  e a s t :  a t  c e n t e r ,  t h e  
Lakshmi  Planum i s  3.0-3.5 km h igh ,  b u t  a t  t h e  f o o t h i l l s  o f  t h e  
M a x w e l l  Montes, i t  i s  5.5 k m  above g round  l e v e l .  In t h e  
s o u t h e a s t e r n  c o r n e r  o f  t h e  ledge,  t h e  p lanum's  s u r f a c e  i s  
i n t e r s e c t e d  by  t h e  s e r i e s  o f  p a r a l l e l  a rc -shaped R a n g r i d  
Trenches wh ich  run n o r t h w e s t ;  t h e i r  s o u t h e a s t e r n  ends a r e  as  
w ide  as 10-15 km, d i s a p p e a r i n g  t o w a r d  t h e  n o r t h e a s t .  J u d g i n g  b y  
t h e  n a t u r e  o f  t h e  r a d a r  r e f l e c t i o n ,  t h e y  a r e  V-shaped i n  c r o s s  
s e c t i o n  wi th  no i n d i c a t i o n  o f  s w e l l s  a l o n g  t h e  s h a r p  edges. 
S i m i l a r  s m a l l e r  t r e n c h e s  e x i s t  a l o n g  t h e  e n t i r e  s o u t h e r n  edge o f  
t h e  p lanum's  sca rp .  T e n s i o n  c o n d i t i o n s  were o b v i o u s l y  n e c e s s a r y  
t o  f o r m  t h e s e  t r e n c h e s  ( c f .  f i g u r e  6 ) .  
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The n o r t h w e s t e r n  p a r t  o f  t h e  M a x w e l l  Montes m a s s i f  appears  
on s h e e t  8-4. I t  i s  d i v i d e d  i n t o  s e v e r a l  zones a c c o r d i n g  t o  
hypsomet ry  and t h e  f i g u r e  on  the  r e l i e f .  The s o u t h w e s t e r n  s l o p e  
o f  t h e  m a s s i f  i s  c u t  s u b p a r a l l e l  t o  t h e  f o o t h i l l s  by  a sys tem o f  
c o n j u g a t e d  r i d g e s  and t r e n c h e s  as  much as 5 km wide  and 100 km 
l o n g .  On t h e  b a s i s  o f  t h e  d i s p l a c e m e n t s  o f  t h e  s t r i a t e d  
s t r u c t u r e ,  one can i d e n t i f y  s e v e r a l  l a r g e  masses, p h a c o i d a l  i n  
p l a n ,  a l s o  s u b p a r a l l e l  t o  t h e  f o o t h i l l s .  On t h e  P lanum's  
s u r f a c e  a l o n g  t h e  edge o f  t h e  m a s s i f ,  t h e r e  i s  a sys tem o f  
asymmet r i c  r i d g e s  w i t h  s h a r p  western  and g e n t l y  i n c l i n e d  e a s t e r n  
s l o p e s .  These r i d g e s  a r e  n o t  p ronounced i n  h i p s o m e t r y  and l i e  
on  a h i g h  l e v e l  o f  t h e  planum. One g e t s  t h e  i m p r e s s i o n  t h a t  i t  
i s  p r e c i s e l y  h e r e  t h a t  t h e  Lakshmi Planum's s u r f a c e  l a y e r  
c l e a v e s  i n t o  l a m e l l a r  masses s l o p i n g  t o  t h e  e a s t  wh ich  a r e  
" t i g h t l y  packed" on t h e  western  s l o p e  o f  t h e  M a x w e l l  m a s s i f .  
The r e l i e f  i n  t h e  m a s s i f ' s  c e n t e r  v a r i e s  d r a s t i c a l l y ;  t h e  
boundary  w i t h  t h e  s t e e p  western s l o p e  i s  a l m o s t  s t r a i g h t ,  
c o i n c i d i n g  w i t h  t h e  s t r u c t u r e ' s  f a u l t  l i n e .  T h i s  p a r t  o f  t h e  
m a s s i f  i s  t y p i f i e d  by asymmetr ic r i d g e s  ( t o  200 km) 20-25 km 
wide, seeming ly  c o n s i s t i n g  o f  p l a t e s  s l o p i n g  t o  t h e  west,  s i n c e  
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t h e i r  e a s t e r n  t f i l l u m i n a t e d t t  s lopes  a r e  u s u a l l y  n a r r o w e r  ( l e s s  
t h e n  10 km), w h i l e  t h e  wes te rn  s l o p e s  a r e  w i d e r .  On t h e  whole, 
t h e  p i c t u r e  of  t h e  s l o p e s  f a c i n g  t h e  r a d a r  resemb les  a system o f  
s c r e e n  c e l l s  h i g h l y  s t r e t c h e d  t o  t h e  n o r t h w e s t .  T h i s  zone 
reaches  t h e  a r e a  of  maximum massif a l t i t u d e ,  b u t  d u r i n g  mapping 
w i t h  a r e s o l u t i o n  o f  500 m, t he  peak o f  t h e  m a s s i f  seems a l m o s t  
f l a t  ( g r a d i e n t s  h e r e  a r e  one o r d e r  o f  magn i tude  l o w e r  t h a n  on  
t h e  w e s t e r n  s l o p e ) .  The zone i s  200 km w i d e  and 400 km l o n g .  
To t h e  n o r t h w e s t ,  t h e  s u r f a c e  o f  t h e  m a s s i f  g r a d u a l l y  descends 
t o w a r d  an a r e a  o f  c h a o t i c  r e l i e f ,  where a l t i t u d e s  a re ,  on t h e  
average,  t h e  same as t h o s e  on t h e  e a s t e r n  s c a r p  o f  t h e  Lakshmi  
Planum. There  i s  a l a r g e  (130-km d i a m e t e r  a l o n g  t h e  e x t e r n a l  
s w e l l )  d o u b l e - r i n g  s t r u c t u r e  s i m i l a r  t o  an i m p a c t  c r a t e r  
a p p r o x i m a t e l y  i n  t h e  c e n t e r  o f  t h e  s l o p e .  
A l l  t h e  m a s s i f ' s  s l o p e s  except  t h a t  f a c i n g  Lakshmi  on t h e  
s o u t h w e s t  a r e  c h a r a c t e r i z e d  by a r a d a r - b r i g h t  s u r f a c e  and 
"unorde red"  r e l i e f .  I n  t h e  n o r t h w e s t ,  t h e  jagged,  i r r e g u l a r  
boundary  o f  t h e  m a s s i f ' s  c e n t r a l  zone, wh ich  has a l a r g e  r e l i e f  
p a t t e r n ,  meets an  a r e a  d r a s t i c a l l y  d i f f e r e n t  i n  s t r u c t u r e  
p a t t e r n ,  o r i e n t a t i o n ,  and s u r f a c e  roughness .  The a r e a s  e x t e n d  
400 km t o  t h e  n o r t h e a s t ;  t h e  a r e a ' s  n o r t h w e s t e r n  boundary  i s  
r e l a t i v e l y  s t r a i g h t ,  and i n  the  s o u t h e a s t  i t  has two  t r i a n g u l a r  
l e d g e s  p r o j e c t i n g  i n t o  t h e  m a s s i f ' s  c e n t r a l  zone. The 
i n t e r s e c t e d  by b l o t c h e s  and l i n e s  w i t h  l o w  r e f l e c t a n c e  wh ich  
l o o k  l i k e  g a p i n g  r i f t s  on a s t e r e o  model. 
/ 9 2  i r r e g u l a r i t i e s  o f  t h e  g e n t l y  s l o p i n g  t lwr ink ly l t  r e l i e f  a r e  -
The r e l i e f  o f  t h e  m a s s i f ' s  n o r t h w e s t e r n  s l o p e  ( o f f  t h e  
s h e e t )  i s  a l s o  unordered:  t h e r e  a r e  r e l a t i v e l y  s h o r t  (20-30 km) 
r i d g e s  and h i l l o c k s  and o n l y  i n  i n d i v i d u a l  p l a c e s  i s  t h e  
p a r a l l e l - s t r i a t e d  o r d e r e d  s t r u c t u r e  p r e s e r v e d .  
The unorde red  r e l i e f ,  whose components a r e  s h o r t  r i d g e s  and 
t r e n c h e s ,  i s  a l s o  pronounced on t h e  m a s s i f ' s  s o u t h e r n  s l o p e  ( o f f  
t h e  s h e e t ) .  Here i t  i s  o r g a n i z e d  i n t o  someth ing  r e s e m b l i n g  
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s w e l l s  r e p e a t i n g  t h e  o u t l i n e  o f  t h e  m a s s i f ' s  b o u n d a r i e s  and 
a l m o s t  p r e c i s e l y  f o l l o w i n g  t h e  d i r e c t i o n  o f  t h e  i s o h y p s e ,  wh ich  
may be a t t r i b u t a b l e  t o  m a t e r i a l  s l i p p i n g  downward a l o n g  t h e  
s l o p e .  
F i g u r e  5 .  C o n j u g a t i o n  o f  t h e  Lakshmi Planum and t h e  F r e i y a  
Montes. The system o f  asymmetr ic s u b p a r a l l e l  ranges  i n  t h e  
c e n t e r  becomes t h e  a r e a  o f  uno rde red  r e l i e f  a t  t h e  t o p .  The 
a r e a  measures 240x400 km. 
F i g u r e  6. The p o i n t  where t h e  e a s t e r n  l e d g e  o f  t h e  Lakshmi  
Planum merges w i th  t h e  Maxwe l l  Montes. I n  t h e  c e n t e r ,  
compressed s t r u c t u r e s  o f  t h e  s teep  s o u t h w e s t e r n  s l o p e  o f  t h e  
m a s s i f ,  wh ich  i s  a b u t t e d  by  t h e  a r e a  o f  t h e  planum b r o k e n  up 
i n t o  lammelar  masses; a t  t h e  top  i s  t h e  a r e a  o f  t h e  c e n t r a l  zone 
o f  c r e v i c e s  on t h e  a n t i c l i n e  of  t h e  u p l i f t .  Bo t tom l e f t ,  
R i n g r i d  Trenches. The f ragment  measures 240x400 km. 
The e x t e r i o r  b o u n d a r i e s  of  t h e  r a d a r - b r i g h t  a r e a s  o f  t h e  
m a s s i f ' s  s l o p e  a r e  t r a c e d  a c c o r d i n g  t o  t h e  a b r u p t  change i n  
a l b e d o  i n  t h e  r a d a r  range,  w h i l e  t h e  s i m i l a r i t y  o f  r e l i e f s  
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/93  makes i t  p o s s i b l e  t o  combine them i n t o  an i n d e p e n d e n t  sys tem 
o r  t y p e  o f  l o c a l e  f r a m i n g  t h e  c e n t r a l  zone o f  t h e  M a x w e l l  Montes 
m a s s i f  ( s e e  a l s o  [ 2 1 ) .  
-
IMPACT CRATERS 
I n  a d d i t i o n  t o  t h e  C l e o p a t r a  C r a t e r  m e n t i o n e d  above, 
p resumab ly  o r i g i n a t i n g  i n  an  impac t ,  t h e  Lakshmi  Planum and i t s  
moun ta inous  f rame c o n t a i n  s e v e r a l  c r a t e r s  b e a r i n g  c l e a r  e v i d e n c e  
o f  o r i g i n  i n  i m p a c t .  No tewor thy  among t h e s e  a r e  t h e  c r a t e r  I v k a  
(68"N,  304"E)  l y i n g  on f l a t  t e r r a i n  and e x h i b i t i n g  a b r i g h t  
b u t t e r f l y - s h a p e d  zone o f  e j e c t a ,  and t h e  c r a t e r  C o t t o n  (71'N, 
300"E) ,  super imposed on t h e  mounta inous  t e r r a i n  and a l s o  w i t h  a 
b r i g h t  zone o f  e j e c t a .  S e v e r a l  s m a l l e r  c r a t e r s  appear  on t h e  
s u r f a c e  o f  t h e  p lanum i t s e l f :  R i t a ,  Magda, Z l a t a ,  B e r t a ,  and 
L y u d m i l a .  
INTERPRETATION OF GEOLOGICAL STRUCTURE 
The younges t  f o r m a t i o n s  on t h e  Lakshmi  Planum a r e  a r e a s  o f  
t h e  p lanum i t s e l f  f o rmed  b y  o u t f l o w s  o f  m o l t e n  l a v a  f r o m  t h e  two  
l a r g e s t  c e n t e r s  -- C o l e t t e  and Sacajewea, as w e l l  as  f r o m  
s e v e r a l  s m a l l e r  ones. The c o n s i d e r a b l e  s p r e a d  o f  t h e  r e l i e f  o f  
C o l e t t e ,  e q u a l  i n  s i z e  t o  Sacajewea, and t h e  c l e a r l y  p ronounced  
b o u n d a r i e s  of  i n d i v i d u a l  f l o w s  e v i d e n c e  C o l l e t t e ' s  r e l a t i v e  
y o u t h .  E l e v a t e d  monadnocks wi th i n t e r s e c t i n g  sys tems o f  c r a c k s  
w h i c h  i n d i c a t e  a t e n s i o n  s t a g e  p r e c e d i n g  f o r m a t i o n  o f  a l a v a  
p l a n e ,  p r o j e c t  f rom b e n e a t h  t h e  s u r f a c e  o f  t h e  l a v a  f l o w s  131. 
On t h e  m a r g i n s  o f  t h e  planum ( t h e  f o o t h i l l s  o f  t h e  F r a i n  
and M a x w e l l  Montes)  i t  i s  obv ious  t h a t  p lanum m a t e r i a l  i s  
i n v o l v e d  i n  f o r m a t i o n  o f  t h e  mounta inous  f r a m i n g .  One can  
a s s e s s  t h e  s t r u c t u r e  o f  t h e  mounta inous  r e g i o n s  on  t h e  b a s i s  o f  
s t e r e o  models  o f  p l a c e s  where s c a n n i n g  c o n d i t i o n s  p e r m i t .  The 
adequacy o f  t h e  s t e r e o  mode l  i s  a s s u r e d  by  compar ing  i t  t o  
a l t i m e t e r  d a t a  and t o  t h e  r e l a t i v e l y  w e l l  known morpho logy  o f  
i m p a c t  c r a t e r s .  A n a l y s i s  o f  s t e r o  images shows t h a t  s i g n i f i c a n t  
p a r t s  o f  t h e  Akna and F r e i y a  Montes m a s s i f s  a r e  sys tems o f  
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asymmet r ic  c h a i n s  w i t h  u p l i f t s  c o n f o r m i n g  t o  t h e  planum, and 
t h i s  may o b l i q u e l y  p o i n t  t o  t h e i r  common o r i g i n .  These systems 
o f  asymmet r ic  s u b p a r a l l e l  cha ins  may o c c u r  b o t h  w i t h  a mass 
( l a m e l l a r )  and s c a l a r  s t r u c t u r e .  However, r e g a r d l e s s  o f  t h e  
mechanism, t h e i r  f o r m a t i o n  r e q u i r e s  t h e  p resence  o f  a r e l a t i v e l y  
r i g i d  s u r f a c e  l a y e r  abou t  10 km t h i c k  [ 5 ]  and c o n d i t i o n s  f o r  
h o r i z o n t a l  compress ion .  Toward t h e  p e r i p h e r y  o f  L a k s h m i ' s  
s t r u c t u r e ,  t h e  degree o f  d i s o r d e r  i n  t h e  s t r u c t u r e  o f  t h e  Akna 
and F r e i y a  Montes s t r u c t u r e s  (Tessera  A t r o p o s a  and I t s p a p a l o t l ' )  
i n c r e a s e s ,  wh ich  may i n d i c a t e  a c o m p l i c a t e d  h i s t o r y  o f  
d e f o r m a t i o n s  and an i n c r e a s e  i n  t h e  age o f  t h e  s t r u c t u r e  i n  t h i s  
d i r e c t i o n  ( f i g .  7 ) .  
The zone o f  l i n e a r  ranges  i n  t h e  s o u t h e r n  f r a m i n g  g e n e r a l l y  
does n o t  r i s e  o r  r i s e s  s l i g h t l y  o v e r  t h e  s u r f a c e  o f  t h e  planum, 
and t h e  s l o p e s  on t h e  Ves ta  Rupes may amount t o  s e v e r a l  
deg rees .  G iven  t h i s  r e g i o n a l  g r a d i e n t  i n  t h e  s t r u c t u r e  o f  
L a k s h m i ' s  f r a m i n g ,  t h e y  can f o r m  i n  t h e  s o u t h  i f  t h e r e  i s  
p a s s i v e  g r a v i t a t i o n a l  f l o w  o f  t h e  p lanum's  m a s s i f ,  wh ich  may be 
p romoted  by h i g h  s u r f a c e  l a y e r  t e m p e r a t u r e s  [61 .  More a c t i v e  
f o r c e s  o f  h o r i z o n t a l  compression a p p a r e n t l y  t o o k  p a r t  i n  t h e  
deve lopment  o f  t h e  Akna and F r e i y a  Montes, wh ich  r i s e  above t h e  
l e v e l  of t h e  planum. 
The d i sk -shaped  s t r u c t u r e  t o  t h e  sou thwes t  o f  L a k s h m i ' s  
e x t e r i o r  f r a m i n g  (Tesse ra  Mo i ra )  i s  i n d i r e c t  e v i d e n c e  o f  t h e  
h o r i z o n t a l  f l o w  o f  m a t t e r  f r o m  t h e  Ves ta  Rupes. T h i s  s t r u c t u r e  
resemb les  t h e  end o f  a g i g a n t i c  f l o w  o f  p l a s t i c  m a t e r i a l  
emerg ing  o r  e x p e l l e d  f r o m  beneath t h e  edge o f  t h e  planum. Toward 
t h e  planum, i t s  s u r f a c e  with f l o w  s t r u c t u r e s  g r a d u a l l y  assumes a 
hummocky r e l i e f  w i th  f i s s u r e s  r e s e m b l i n g  s e t t l e m e n t  c r a c k s .  T h i s  
p a t t e r n  may o c c u r  when a f l o w  t r a p p e d  by t h e  r o o f  o f  t h e  n i c h e  
where i t  b e g i n s  moves. 
The e a s t e r n  p r o j e c t i o n  o f  Lakshmi  a b r u p t l y  merges i n t o  t h e  
s t e e p  f o o t h i l l s  o f  t h e  Maxwel l  m a s s i f  w i t h  i t s  s c a r p  5 km h i g h ,  
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F i g u r e  7. G e o l o g i c a l - m o r p h o l o g i c a l  map of t h e  Lakshmi  P lanum 
a n d  s u r r o u n d s .  L a b e l i n g :  1 - S y s t e m  o f  h i l l y  p l a i n s ;  
2 - System of  r e l a t i v e l y  young p l a i n s  a n d  l a v a  f l o w s ;  3 - Sys tem 
o f  rocks  on  t h e  Lakshmi  Planum i t s e l f ;  4 - Monadnocks o f  t h e  
i n t e r s e c t e d  r e l i e f  w i t h i n  t h e  Lakshmi  P lanum;  5 - System o f  
i n t e r i o r  f r a m i n g  o f  t h e  L a k s h m i  P l anum;  6 - System o f  e x t e r i o r  
f r a m i n g  ( a ,  b - l e s s  a n d  more d i s o r d e r e d  r e l i e f ,  r e s p e c t i v e l y ) ;  
7 - System o f  l i n e a r  s t r u c t u r e s  i n  t h e  a n t i c l i n e  o f  t h e  Maxwell 
massif and  Semuna R i d g e ;  8 - I n d i v i d u a l  l a v a  f l o w s  w i t h  v i s i b l e  
b o r d e r s ;  9 - O v o i d s ;  10 - I m p a c t  c r a t e r s  w i t h  z o n e s  of e j e c t a ;  
11 - C a l d e r a ;  1 2  - Rounded d e p r e s s i o n s  o f  unknown o r i g i n ;  13 - 
C u p o l a ;  1 4  - A x i a l  swell l i n e s ;  15 - L i n e a m e n t s  on  t h e  s u r f a c e  
of t h e  p l a i n s  w i t h  p r o n o u n c e d  a l b e d o ;  16 - F a u l t  l i n e s  
( d i s c o n t i n u i t y  o r  d i s p l a c e m e n t  i n  s t r u c t u r e s ) ;  17 - G e o l o g i c a l  
b o u n d a r i e s .  
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where compressed s t r u c t u r e s  a r e  o r i e n t e d  a c r o s s  t h e  d i r e c t i o n  o f  
t h e  bench. S t r u c t u r a l l y ,  t h e  s i t u a t i o n  i s  s i m i l a r  t o  t h a t  of  
t h e  f o o t h i l l s  of t h e  Akna and F r e i y a  Montes. Here a l s o ,  m a t e r i a l  
i n  t h e  p lanum's  s u r f a c e  l a y e r  i s  i n v o l v e d  i n  f o r m a t i o n  of  t h e  
m a s s i f ,  a l o n g  w i t h  a c t i v e  fo rces  o f  h o r i z o n t a l  compress ion .  A l l  
t h r e e  s i t u a t i o n s  a r e  e x p l a i n e d  f r o m  t h e  s t a n d p o i n t  of h o r i z o n t a l  
s u r f a c e  f l o w s  of m a t t e r ,  emerging r a d i a l l y  f r o m  t h e  c e n t e r  o f  
Lakshmi  ( c f .  f i g u r e  8 ) .  
I n  t h e  case of t h e  Maxwel l  m a s s i f ,  t h e  p i c t u r e  i s  augmented 
by t h e  e x i s t e n c e  of s u b l a t i t u d i n a l  s h e a r s  on i t s  n o r t h e r n  and 
s o u t h e r n  b o r d e r s .  Shear on the n o r t h w e s t  boundary  i s  e v i d e n c e d  
by p r o t r a c t e d  c h a n n e l s  mark ing  "g round  i n "  f a u l t  l i n e s  and, 
squeezed between them, h a r d  p h a c o i d a l  b l o c k s  on one s i d e  of  t h e  
f a u l t s  and g a p i n g  r i f t s  on t h e  o t h e r .  T h i s  s i t u a t i o n  i s  p a r t  o f  
a p a t t e r n  of  r i g h t w a r d  shear  i n t e r r u p t i n g  t h e  M a x w e l l  Montes 
m a s s i f  on t h e  n o r t h w e s t .  In t he  s o u t h ,  t h e  e a s t e r n  p r o j e c t i o n  
of  Lakshmi  and t h e  Maxwe l l  Montes a r e  i n t e r c e p t e d  by  an ex tended  
l a t i t u d i n a l  f a u l t  l i n e  wh ich  is a l s o  a shear ,  b u t  w i t h  l e f t w a r d  
movement and a s i g n i f i c a n t  v e r t i c a l  component. E v i d e n c e  o f  
shear  a r e  t h e  R a n g r i d  Trenches -- p r i m a r i l y  s h e a r s  -- and t h e  
Auska Ridges, wh ich  resemb le  compress ion  s w e l l s  m e e t i n g  t h e  shear  
i n  t h e  s o u t h  a t  an a c u t e  angle.  L a t i t u d i n a l  s h e a r s  wh ich  bound 
t h e  p lanum's  bench and t h e  Maxwel l  m a s s i f  o b v i o u s l y  a c t  as 
t r a n s f o r m a t i o n  f a u l t s  wh ich  p e r m i t  f l o w s  o f  m a t t e r  t o  move i n  
v a r i o u s  p l a c e s  a t  v a r i o u s  speeds. 
We must d i s c u s s  a t y p e  o f  r a d a r - b r i g h t  l o c a l e  w i t h  
d i s o r d e r e d  r e l i e f  on t h e  s lopes  of  t h e  M a x w e l l  m a s s i f .  I t  i s  
a p p a r e n t l y  a s i n g l e  g e o l o g i c a l  system, as can be j u d g e d  f r o m  t h e  
r e l i e f  p a t t e r n ,  p h o t o t o n e ,  and t h e  c l a r i t y  o f  t h e  d i s s e m i n a t i o n  
b o u n d a r i e s .  On t h e  n o r t h w e s t e r n  s l o p e  o f  t h e  m a s s i f ,  i t  l o o k s  
R i d g e s  and c e n t r a l  zone o f  t h e  m a s s i f .  However, t h e  m a n t l e ' s  
d i s o r d e r e d  r e l i e f  i n d i c a t e s  t h a t  i t  p r o b a b l y  de formed when t h e  
b e l t  fo rmed and underwent  t e n s i o n  u n t i l  g a p i n g  r i f t s  appeared. 
/96 l i k e  a m a n t l e  l y i n g  on t h e  s t r i a t e d  s t r u c t u r e s  o f  t h e  Semuna -
18 
L i g h t  a reas  w i th  i r r e g u l a r  edges wh ich  i n  t e r m s  o f  r e l i e f  m i g h t  
be m a n t l e  s e p a r a t i o n s  a r e  i n v o l v e d  i n  t h e  s t r u c t u r e  o f  t h e  
s u r f a c e  of t h e  o f f s h o o t  o f  t h e  M a x w e l l  m a s s i f  wh ich  e x t e n d s  f a r  
t o  t h e  west, e s p e c i a l l y  s i n c e  t h e r e  i s  a d a r k  s t r i a t e d  s t r u c t u r e  
between them wh ich  i s  t y p i c a l  f o r  t h e  c e n t r a l  zone o f  t h e  
m a s s i f .  On t h e  o t h e r  hand, these  a r e a s  a r e  a l m o s t  t i g h t l y  
a b u t t e d  a g a i n s t  t h e  n o r t h e r n  edge o f  t h e  e a s t e r n  p r o j e c t i o n  o f  
t h e  Lakshmi  Planum. 
m a n t l e  i t s e l f  may be c o m p l i c a t e d  by de formed l a v a  beds o f  t h e  
planum. The system o f  t h e  s teep  w e s t e r n  s l o p e  o f  t h e  m a s s i f  i s  
e s s e n t i a l l y  a l s o  c o m p l i c a t e d  by de formed r o c k  of t h e  Lakshmi  
P lanum's  s u r f a c e  l a y e r ,  s i n c e  i t  i s  c l e a r  t h a t  t h e  p lanum's  
m a t t e r  i s  i n v o l v e d  i n  f o r m a t i o n  o f  t h e  m a s s i f  a t  i t s  f o o t h i l l s .  
However, h e r e  we see t h e  r e s u l t  o f  d e f o r m a t i o n s  f r o m  i n t e n s e  
compress ion ,  wh ich  l e d  t o  " t i g h t  p a c k i n g "  o f  l a m e l l a r  masses 
rtcut'l f r o m  t h e  p lanum's  m a t e r i a l .  
T h i s  g i v e s  r i s e  t o  t h e  t h o u g h t  t h a t  t h e  
The c e n t r a l  zone of  t h e  m a s s i f ,  w i t h  i t s  l a r g e  s t r i a t e d  
r e l i e f ,  l o o k s  e n t i r e l y  d i f f e r e n t  f r o m  t h e  compressed s t r u c t u r e s  
o f  t h e  wes te rn  s l o p e .  I t  most resemb les  a system o f  huge 
c o n j u g a t e  e c h e l o n - s t r u c t u r e d  r i f t s  w h i c h  a r o s e  due t o  t e n s i o n  on 
t h e  m a s s i f ' s  a n t i c l i n e .  On the  b a s i s  o f  t h i s  assumpt ion ,  t h e  
f o r m a t i o n  o f  t h e  m a s s i f  may be c o n s i d e r e d  t h e  r e s u l t  o f  h e a v i n g  
w i t h  c l e f t s  on t h e  a n t i c l i n e  and end o f  t h e  t h i c k  h o r i z o n t a l  
f l o w  o f  m a t t e r  f r o m  L a k s h m i ' s  c e n t e r ,  w h i c h  was accompanied by  
s l i p p a g e  o f  t h e  s u r f a c e  l a y e r  on t h e  s l o p e s  o f  t h e  u p l i f t  b e i n g  
fo rmed.  There a r o s e  a zone o f  compressed s t r u c t u r e s  i n  t h e  
west, where t h e  f l o w  f r o m  Lakshmi r a n  i n t o  t h e  m a s s i f  b e i n g  
fo rmed,  a l o n g  w i t h  a d i s o r d e r e d  r e l i e f  on t h e  r e m a i n i n g  s l o p e s  
due t o  s l i p p a g e  i n  t h e  d i r e c t i o n  o f  t h e  f l o w  o r  a c r o s s  i t s  
movement. 
On t h e  b a s i s  o f  t h e  i d e a  o f  f l o w s  d i v e r g i n g  f r o m  a common /97 -
c e n t e r ,  f o r m a t i o n  o f  t h e  tensed, f o l d e d  f r a m i n g  o f  Lakshmi  may 
be t h e  r e s u l t  o f  c r o w d i n g  o f  t he  s u r f a c e  l a y e r  m a t e r i a l ,  wh ich  
s h o u l d  be more r i g i d  t h a n  t h a t  be low t h e  s u r f a c e ,  as f o l l o w s  
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F i g u r e  8 .  T e c t o n i c  
s t r u c t u r e  o f  a r e g i o n ,  
i l l u s t r a t i n g  t h e  d i r e c t i o n  
o f  a s t e n o s p h e r i c  f l o w s  
( l a r g e  a r r o w s )  and 
g r a v i t a t i o n a l  s l i p p a g e  
( s m a l l  a r r o w s ) .  
f rom t h e  r e a s o n a b l e  h y p o t h e s i s  o f  t h e  e x i s t e n c e  o f  a v e r t i c a l  
t e m p e r a t u r e  g r a d i e n t  on Venus. T h i s  l e a d s  t o  t h e  u n a v o i d a b l e  
c o n c l u s i o n  t h a t  t h e  p l a s t i c  deep l a y e r  had t o  have s e p a r a t e d  
f r o m  t h e  more r i g i d  s u r f a c e  l a y e r  and t h a t  i t  warped and b r o k e  
up i n t o  l a m e l l a r  b l o c k s  o r  crumpled  i n t o  t h e  l a t t e r ' s  f o l d s .  
O b v i o u s l y ,  we obse rve  t r a c e s  o f  p r e c i s e l y  t h i s  p r o c e s s  more 
c l e a r l y  where t h e  e a s t e r n  bench o f  Lakshmi a b u t s  t h e  M a x w e l l  
Montes m a s s i f .  The c e n t r a l  area o f  L a k s h m i ' s  s t r u c t u r e ,  c l o s e d  
on n e a r l y  a l l  s i d e s ,  must be rega rded  as a p o s s i b l e  s i t e  f o r  t h e  
o r i g i n  of s u b s u r f a c e  f l o w s .  The huge s c a l e s  o f  young v u l c a n i s m  
and t h e  p resence  o f  t h e  huge c a l d e r a e  of C o l l e t t e  and Sacajewea, 
w h i c h  i n d i c a t e  t h e  i n f l u x  o f  h o t  c o r e  m a t t e r  i n  t h i s  r e g i o n ,  
s u p p o r t  t h i s .  
C o n s i d e r i n g  t h e  o v e r a l l  d imens ions  o f  Lakshmi  and t h o s e  o f  
its f r a m i n g ,  i t  i s  a p p r o p r i a t e  t o  c a l l  t h e  f l o w s  a s t e n o s p h e r i c ;  
t h e  r i g i d  s u r f a c e  l a y e r ,  Venus' l i t h o s p h e r e .  From t h i s  
s t a n d p o i n t ,  t h e  s t r u c t u r e  of Lakshmi dese rves  t o  be c a l l e d  a 
u n i q u e  c e n t e r  o f  r a d i a l  s p r e a d i n g  d e v e l o p i n g  above an a s c e n d i n g  
f l o w  o f  h e a t e d  m a t t e r  f r o m  t h e  depths .  
CONCLUSIONS 
1. The Lakshmi Planum and i t s  f r a m i n g  a r e  a s i n g l e  
s t r u c t u r e  formed by  a s i n g l e  p rocess ,  as i n d i c a t e d  by t h e  
compactness and c o n f o r m i t y  o f  t h e  f r a m i n g .  
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2. The mechanism by wh ich  t h e  s t r u c t u r e  fo rmed  i s  based on  
t h e  p r o c e s s  by wh ich  m a t t e r  r i s e s  f r o m  t h e  p l a n e t ' s  c o r e  t o w a r d  
t h e  s u r f a c e  and i t s  h o r i z o n t a l  spread, wh ich  i s  accompanied by  
d e f o r m a t i o n s  such as t h e  f o l d i n g  and ( o r )  f o r m a t i o n  o f  t e c t o n i c  
s l i v e r s .  T h i s  makes i t  p o s s i b l e  t o  c o n s i d e r  Lakshmi  a u n i q u e  
l o c a l  c e n t e r  o f  r a d i a l  sp read ing .  However, t h e  p r o c e s s  o f  
s p r e a d i n g  ceases a f t e r  t h e  l i t h o s p h e r e  i s  crowded i n t o  m a s s i f s  
o f  mounta inous  s t r u c t u r e s ,  which was accompanied b y  s e p a r a t i o n  
o f  t h e  a s t e n o s p h e r i c  f l o w  f r o m  t h e  more r i g i d  l i t h o s p h e r e  o f  t h e  
p l a n e t .  When t h e  s t r u c t u r e  formed, t h e  l i t h o s p h e r e  was a b o u t  10  
km t h i c k .  
3 .  L a r g e - s c a l e  h o r i z o n t a l  movements make i t  p o s s i b l e  t o  
speak o f  Venus as a p l a n e t  w i t h  a more complex t e c t o n i c  l i f e  
t h a n  t h e  p r i m i t i v e  members o f  t h e  t e r r e s t r i a l  g roup  ( t h e  Moon, 
Mercu ry ,  Mars) ,  where t h e  t e c t o n i c  s t y l e  i s  l i m i t e d  p r i m a r i l y  by  
v e r t i c a l  movements. T h i s  j u s t i f i e s  c o n s i d e r i n g  Venus a l i n k  i n  
t h e  s e r i e s  o f  i n c r e a s i n g l y  c o m p l i c a t e d  d e f o r m a t i o n s  between 
E a r t h ,  w i t h  i t s  t e c t o n i c  p l a t e s ,  and Mars, whose t e c t o n i c  l i f e  
has been d e f i n e d  a t  t h e  s t a g e  where g i a n t  canyons and b r o a d  
u p l i f t s  crowned w i th  l a r g e  p l a t e - l i k e  v o l c a n o e s  form.  
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